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Tungsten Deposits of the {1l City District,
Zugene Mountains, ershing County, Yevada

ABSTRACT

The 111l City district is situated on ths east flank of the Zugens Houne
tains, & miles west of :ill City, ‘srshing County, Vevada. Sor 25 jyears
this district has been.one of the leading domestic producers of tungsten cone
centrate, .bout 1,150,000 tens of scheelite ore have been mined and 800,000
units of tungsten trioxide rscovered,

The Zugene Mountains are underlain by Triassic shale and limestone,
which have been intruded by smsll bodies of granodiorite and hornblende ande-
site, In the tungsten district the sedimentary rocks have been metamorphosed
to hornfels, slate, marble, and tactite, The tabular scheelite ore bodies
are confined to limestone beds that have been metamorvhosed to tactite, The
metamorvhism and deposition of scheelite are belisved to be due to szolutions
that migrated from the cooling cranodiorite magms,

All commercial scheelite deposits are owned by the Neva;da. l’assachusatts
Company, Inc., and all mining and milling operations in the district are con-
ducted by this company. The geology of each mine and undeveloped deposit is
described in the report. 4 plan that may make possible a continued substantial

production of tungstemn concentrate during the present emergency 1s suggested.



INTRODUCTION
Loeation

The ¥Mill City tungsten district is situated on the cast flank of the
Jugene Mountains, in northern ershing County, Nevada. Iight miles of sur=
faced road connect Tungsten, the ilovada lassachusetts Company camp and
mill site, with U. S, highway 40 at Mill City. Craded dirt roads lead to
the mines., Mill City 1as a station on the Southern Pacific lailroad.

'‘ater for domestic and industrial use is piped from wells, 4 miles

east of Tungsten,

History of Mining
Emi) Stank discovered tungsten in Springer Gulch, near the center of

the district, in 1917, Development of the district was rapid; within a
year three companies, f.ho Humboldt Corporatiom, the Pacific Tungsten Company,
and the Hill City Tunésten Mining Company, were mining ore, and two mills
had been erected..

Following the armistice in 1918, t:he price of tungstem collapsed,
and the district was inactive from then until 1924, when €. +{, Pools leased
the ~acific Tungsten Company property. The N:vada ?%saachu.éetfs Company
purchased the holdings of the Pacific Tungsten Company and the Mill City
Tungsten Mining Company in 1925, and those of the Humboldt Corporation in
1928, The original Pacific mill was enlarged to treat 260 tons of ore dally,
and since then has operated continuously, exsept for four months during
1933, when the price of tungsten declined again, A 1,000-ton tailing treat-
ment plant was completed in 1941, and between 300 and 900 tons of current
and accumulated tailings have beem milled dally during the past 20 months.



Production

Produstion from the distrist during the perisd 1917-1942 has emunted
to about 1,150,000 4ons of ore centaining nearly 300,000 unite of ‘#95.

Provioys work

The 4111 City tungeten distriot wes mapped by the 3tanford Geologicel
3urvey under the directiom of P. F. Xerr in 19%2, Kerr continusd his
investigation of the dishried; subsequently submitting a nusber of reports
and recommendations to the Hevadea lMascsochusetts Company, and éublishing
a deseription of the geology of the deposits, Verd Smith and J. F. MeAlllster
surveyed the Bugene Mountains area in 1940-41, uapping part of the tungsten |
district in detsil. The Y, 3, Bureau of Hines explored scme of the least
developed arsas by drilling and sampling in 1941.

The writer had aaess to recommerdations by Werd Smith end Paul F. Xerr
based on results of exploration in the i1l City tumgeten distriod and to
the following published reports:

Hase, F. L., and larcen, 2. 5., 1921, Contact metamerphie tungsten
depoaitss U. 5. Geol, Curvey Bulle 725=0, pe 245»309.

Heizer, Ctt F., 1930, Hethods and costs of concentrsting tungsten ore
at the Reveda«Magszchusetts mill, Mill City, KHev.: U, 3.
Bur. Mines I. C. 62&. 15 P

1930, Hethod and cost of mining tungsten ore et the Fevadaew
Hasscachusetts Cos Mines at Mill City, Mewv.t U, 8, Bur.
Hines I. C. 628“ 15 Pe

Kerr, Paul F., 1934, Geology of the tungsten deposits near }ill
City, Hevst Univ. of Nev. Bull. 28, ve. 2, 4§ p.

Vanderburg, W. C., 1936, Leconnaissamee of mining distriets in
Porahing Cointys Neves Us 8o Bure Hines 1 Q. m, 57 De
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‘resent Investigzation

The writer and C. W. Chesterman were engaged in fisld work in the
M111 City distriet from Jecember 15, 1942 to June 4, 1943, TPeter Joralemon
assistoed from february 5 to June 4, Ceologic maps on a scale of 40 faet to
the inch were made of all accessible underground workings. Transit surveys
by Nevada Fassachusetts Company enginsers wers used as a base for part of
this work. The work of iwith and ¥cAllister was expanded by making plane table
topegraphic and geologic maps on a secale of 100 feet to the inch of sreas
in which tungsten deposits of possible coxmercial worth oceur, A triangu-
lation net establisth by the “tanford ‘ieological Survey was used as a
base.

A geologic map of the diatrict, scale AO0 feet to the inch, prepared
for the Yevada Yassachusetts Company by faul 7, Kerr, accompanies this
report, it shows in some detail the geology adjacent to the area map9041 
by the Gasological Survey. Data from ﬁapa by Smith and Meillister, Grangoniiﬁ
the U, 3, Bureau of Mines, and the Hevada ¥assachusetts Company have been %&
incorporated in some of the illustrations accompanying this report. Some i\
of the writer's ideas are in agreement with those previcusly advanced by !
Kerr, Smith, and Cranger, but time does not permit specific acimowledgments,

Acknowledgments

The writer gratefully acknowledges the cordial cooperation of the
officlals and staff of the Hevada Massachusetts Company, " faps, reports,
records, and office facilitles were always available. Stimulating dis-
ocussions of geological and mining problems were very helpful, Especial |

thanks are dus to C, H, .iegerstrom, ?resident, C, H, Segerstrom, Jr.,
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Ott F, Helzer, General Manager, ‘. G. Emminger, Superintendent, and >lton
Clark, Geolozist.

GECLOGY

The 111 City district occupises low hills, partly covered by alluvium,
on the 2astern flank of the “ugene Mountains. This range is underlain by
Triassic sedimentary rocks into which small bodies of igneous rock have
been intruded, The tungsten district consista of rounded hills separated
by rather steep canyons, The more prominent hills are underlain by the
nost intensely metamornhosed, and therefore most resistant, rocksj most
canyons and low hills, by intrusive rocks or slightly metamorphosed shales.
saximum relief is 1,200 feet., ©Sxposures of bedrock are almost entirsly
confined to ridge crests and canyon hottoms,

Rocks

Triassic sediment me er e==in unmeasured tickness
of shale, with intercalated limestone and sandstone beds, underlies the
tungsten distrioct. The Upper Triassic fossil Yonotis subcircularis has been
iound in a narrow stratigraphic sone that extends through the sastern part
of the district,

'ihroughout the district moet of the shals has been metamorphosed to
hornfels or slate. vVompact, blocky, soft brown hornfels predominates, but
near scheelite ore bodies, hard, banded, chertlike gray and greem hornfels
is common., Crudely cleavable matamorchosed shals, rather common in the

district, is referred to as slite. T o microtexture of both varisties -



of hornfels is similar., In the soft brown hornfels guarts, blotite,

and hornblende predominate; in the hard gray snd green hornfels cuarts,
actinolite, tremolite and in places epldote and pyroxens, are most
abundant, Thesse Jdifferences may in part reflsct orizinal diffsrences

in the sedimentary rocks, but they are also beliasved to indicate a
srsater intsnsity of contact metamorchism, 7The shale is commonly greenish
gray or purple, and {issile,

The distribution of hard and soft hornfels and shale has no direct
relationship to bedding, nor is it zonal around intrusive bodies. Uone-
tacts ars gradational, and cannot bs rapped accurately, It seems probable
that the hard hornisls was rormed in fractured or -ermeable zones, where
the metamorphosing solutlions migrated most fraely,

Limestons beds, from 1 foot to 30 feet thick, are irregularly interw
layesred with the shales In szome »laces tha limestone beds have deen
netamorphosed to marble; where metamorphism has besn mors intense, to
tactite, a medium to conrsely crystalline rock composed of garnet,
spidote, and vuvartz, with small emounts of calcite, scheelite, and pyrite.
Tactite zonas in a 1limestona bed :re most likely to be f;u;d vhers
metamorchism of the adjacent shale has been intense,

Lenticular layers of pale zresn and gray silicate rock, which somew
times contain gamset, epidots, and a littls scheelits, occur throughout
the district, These rocks have probably baen formed by metamorrhism of
calcareous shale or sandstone, w~ense gray cuartzitic beds are cominon

in the mstamornhic sequence,



Zost-Triasgig granodiorite and related iznecous rocks.--In the tungsten
disztrict tha meta-sediments have been intruded by t-o small stocks of

granodiorits, :nd nuzerous dikes of granodiorits, quartz dlorite, angf
aplita (pl. 1). The {lsen stock is about a mils in diameter. It béégéa
the area of unown cormercial tungsten deposits on t>e north, Souta of
the Clssn .tock is the smaller Springer stock, about 1,200 faet in dizmeter,
uommercial tungsten dlevosits occur in altsred limestons beds batween the
two stocks, and within a radius of 2,000 feet of them to the west, southe -
west, and east, The surface trace of =ach stock is irrsgular, he main
intrusive contacts dip irregularly, but rather steeply, outward, where
they have been exposed in underground workings,
szaller, irrsrulareshaped casses of gransdiorite, ~uartz dioritﬁg and
aplite are common throughout the district. /
The typiecal zranodiorits is a mediumegrained phanerite. Constituent
minarals identified in thin section are listed in order of decreasing
abundance: oligoclase-andesine, ‘uarts and orthoclasa, biletite, hornblends,
apatite, sepidote, ;phene, vyrite, :nd zirecon, -
The dikes are of more variabls composition and textura, The majority
are equigranularj a fow are porvhyritic. ‘fany e¢ontain only a small amount
of dark minerals; some consist almost sntirely of ~martz and albite,
Horabhlende andesitge~~The youngest rock in the district is i{ntrusive
hornblende andesita, . mall dikes of this rock cut indiaariminatalylacrosa
all older rocks, The andesite is almost always por-hyritic, containing
phenocr;sts of hornblende asnd plagioclase in a groundrisss of the same

minerals,



Fanglomerats and alluvium.-~fanglomerate overlaps the pediment along
the sastern margin of the district. OSand and gravel have been deposited

near the mouths of the canyons, [oat slopes are coverad by mantle from

1 foot to 10 feet thick,

The general strike of the Triassic rocks is N, 10°%-30% 7, 1In most
of the district the rocks dip steeply to the west; in the southwestern
part they dip steeply eaat, No adecuate explanation for this structural
feature, which may eliminate the Stank bed south of the present workings,
has yet been advanced, ZXerr considers it to be a post-granodiorite
reverse fault (Jtank fault). The fault does brecciate granodiorite on
the northeast slope of Stank Hill, but near the Codd adit a granodiorite
mass crosses the inferred position of the fault zone vithour important
dislocation, Nevertheless, dissimilarity of the strata of opposed dip
suggests that a fault of major displacement lies between them (Pl. 1).

irdth's regional map shows that the area of westward dip in this
part of the range is limited to the tungsten district, Qe;t of the district
tha dip is to the =ast, Yorth of it west-dipping b2ds steepen and finally
assume an east dip at the front of the range. South of it an east dip
prevalls from near the crest to the front of the rangs., F‘urthermore, in
the southern part of the tungsten distriet, particularly in the south end
of the 3tank mine, the dip is noarly vertical,

The writer believes that this evidence indicates that the Stank fault
is a pre-granodiorite thrust of considerable displacement. Greater amovee

zent (or resistance of movement) in the northern part of the district may



have bant the rocks underlying the fault to a west-dipping attitude., OIxith
has fapped. a transverae fault west of, and near the southern limit of
westward dip. This may be a tear fault marking the southern limit of
important movement along a thrust surface.

Tungsten ore bodiss occur on both sides of the Stank fault zone,
within a radius of 2,000 feset of the two stocks, both of which lie sast of
the fault, This faet also suggests that the major displacement was pre=
granodiorite, and that post-granodiorite movement along the gzone has been
local, and of relatively asmall displacement,

Less prominent faults of at lsaat three periods are common in the
tungsten distriet, Dlisnlacements that cannot be traced from one 1avelr
of 3 mine to the next, or from one stratigraphic horizon to another, are
believed to rasult from slumping or slipping of one or more beds, or
parts of beds, before they had beem completely lithified, and probably
before overlying strata had been deposited, These displacements result
in echelon segments of beds with gradually tapering, weadgelike terminations
that have later been metamorphosed and mineralized., Gemerally, hard,
banded hornfels lies between segments of ore beds, but sometimes the
intervening hornfels is soft, -evsral displacements of this typs affact
the Springer ved.

Post~oonsolidation pree-granodiorite faults cut the Humboldt, Stank,
Springer, Jumit, and Jutton beds, The termination of an ore bed against
these faults is similar to the termination against pre~gonsolidation
faults, The only significant difference is that posteconsolidation
faults can be solved by ordinary methods of projection, and the positiom
of displaced segments predicted. GChostlike textures suggesting recrystallized

fault breccia have been recognized in only two places. The most impertant
c?_ -



faults of this group are low angle reverse faults with a northwest
strike, and dip§ both to the northeast and southwest, No postecon=
solidation pre-granodiorite normal faults have been recognized.

Postegranodiorite faults of at least two periods sre comc;n. 0 -
rlacements vary from a few 7set to more than 50 fest, These have been
classified as strike faults and transverse faults, according ta their
ralationship to the trend of the sedimentary rocks. JSome tranaverse
faults displace striks faults, and some strike faults displace transe
verse faults, Ifost, if not all, postegranodiorite faults are normal.

Postegranodiorite strike faults are the most bothersome in mining,
for often they cut ore heds at vsry acute angles to both atrike and dip,.
Viry gently raking gaps, several hundred feet long, are known, and in
some cases the vertical distance betwaen segments is more than 25 feet,

A nmore complicated structure results when a strike fault cuts across a pre-
granodiorite gap between two segments of an ore bed, thereby displacing
the bed without touching it, )

QOifset along transverse faults iz generally small, and displaced
segments are easily found. The largest displacement of ‘an ure bed by a
fault of this group ls 50 feet, measured in a horizontal plane,

The structural condition responsible for the southern teﬁnination of
ths Humboldt bed has never bean satisfactorily explained, Geologie
mapping of mine levels and stopes has suggested thrse possible explanations:
(1) Displacoment along two major pre-granodiorits faults, one of which must
be normal, with dip and strike alwost parallel to the bed; (2) lack of
sedimentation; and (3) lack of sedimentation and faulting. 7ield evidence

10



suggests that the Stank and Humboldt beds may be of the same ags, and
that during this time thore was little or no limestone deposited in the
Springer Hi1l area (1, 11 and V111),

SCHEZLIT™ 3.P7C3ITS

For nearly 20 years the contact metamorphic scheelite deposits in the
411 City district were the most Important domestic source of tungstem.
The scheellte ore bodies occur in roughly parallel limestone beds that
have been altared to tactite. The main production has come from a few
beds that cross the district with a northerly trend. The productive zone
is about a mlle long and half a mile wlde, It is bounded at the north end
by the Olsen stock; the soﬁthern limit has not yet been determined,
Proximity to the two stocks has probably determined the eastern and western
limits. Three ore bodies, the Humboldt, the Stank, and the Springer, have
produced more than 90% of ths district total. ! small tonnage of ore has

been mined from the ZJast and “est Sutton, the Summit, and the George beds.

¥ineralogy -

The tungsten ores differ in compesition, but all contain varying
proportions of the following minerals, listed in approximate order of their
abundance: quarts, garnet, spidote, calcite, pyrite, schaselite, actinolite,
molybdcnite, and pyrrhotite. Proportions of the differsnt minerals in the
ore differ markedly, even within a single ore shoot., Most of the ore is
a medium= to coarse-grained aggregate of cuarte, garnet, and epidote, with
scattered crystals of scheelite., Near the hanging wall of the Humboldt
ore body, the tactite is commonly fine-grained, and contains very little

n -



scheelito; Some of the best grade ore consists of scheelits crystals
imbedded in glassy quartz and fine-grained epidote, Its appsarance
suggests the term "vitreous scheelite porphyry.® In the North Sutton
mine, a large part of t;o schealite ccecurs along joint cracks or ir-
regular fractures in the tactite,

The ore beds, before alteration, consisted predominan*ly of calclte.
During alteration and schselite mineralization, part of the calecite was
replacad by silicate minerals, part was recrystallized, and part remained
unaltered. Xorr recognizes several generations of reerystallized calcite,
Host of the calcite in the ore bodies occurs as irregularly shaped unree
placed lenses of limastone or marbls; some is intergrown with silicate
minerals in the tactits; Tounger calcite and stilbite crystals have been
deposited along fracturesin the tactite and country rock,

Several types of garnet are found in the ore beds, Pals red garnet
is commonly associated with wollastonits or tremolite in partly altsred
limestone, Schesllte is gsmerally absent, Garnets typical of the ore
bodies are cinnam;n-bro;n and dark red-brown, These garnets are in part
euhadral, and in part intergrown with quartz and epidcte: )

Dark green epidote crystals that vary in size from mioroscopic to
several centimeters long are common constituents of ths ore. Very small
cr&stals are often scattered through quarts.

Scheelite occurs in poorly formed whits crystals that vary from a
fraction of s millimeter to a few centimeters in diameter, In most of the.
ore crystals average betwesn one and two millimetars in diaméter; A Cew |
7ellow and honey-colorsd crystals have been found in the district. The

fluorescent color of most of the scheslite is blue-whita, Locally in the
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Stank and Yellow Scheslite beds it is yellow,

Jeveral generations of -uartz occur., 3ome is intergrown with other
silicate minerals forming the tactite, Younger veins of (1) quartsz,
(2) suartz and epidote, and (3) quartz, pyrite, and spidote, with sometimes
a few grains of scheelits, cut both tactite and country rock.

2yrite is a common constituent of the ore, and is widely distributed
through the hornfels of the district. A 1little actinolite, molybdenits,
and pyrrhotite occur locally in the tactite. Tollaatonite and trevolite
oceur in slightly altered zones in the limestone; scheelite is not present

in these zones,

Size and -hape

The schaelite ore bodies are tabular and dip staeply. The largest
ore body, the Humboldt, has a maximum length of 1,500 feet, and has been
mined to a depth of 1,400 feet. The average width of ore has been about
6 feet, Tha »pringer ore body is ovalsshaped. It averages 3 feet wide,
has a maximum length of 700 feet, and has baen mined %o a deoth of 1,000
fest, The ~tank ore body is nelther as compact nor as weilqoutlined. It
has an average wildth of 4 feet. :ithin the ore body there are sizable
blocks of wnreplaeced limestone and marble, It has been mined to a depth
of 1,100 fest. The greatest length of ore exposed on any lavel is 200
feet, but the shoot may continue beyond the present workings.

Grade
‘ore than 1,150,000 tons of ore have been mined from the district.
iverage recovery has been 13.9 pounds of 03 per ton of ore, Milling of
tailings is expected to increase this yisld to 16 pounds. If the final

recovery is 90% of the containpd w03, average grade of ore mined to dats
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will havefba;q 0.875% EOB
Current ors from the Humboldt-Springer mine averages 0,75% 7033 from
the Stank, 0.8%~1.0% 03} and from the North Sutton, 0.45%-0.55% %03 |

A small tonnage of.0.25% 04 ore is partly developed,

Origzin

The rouping of commercial tungsten deposits around the two stocks
suggests that scheelite was carried by, and deposited from, solutions
migrating from the cooling granodiorite, It is baelieved that recrystallization
of limestone to ma:ble, alteration of marble (and limestone?) to tactite,
and deposition of scheelite took place in successive or partly overlapping

stages, as the character of the invadinz solutions changed.

Localization

The scheelite ore bodies ars confined to zonss in limestone beds that
have been altered to tactite, Liost of these tactite zones are ore.
Localization of the ore bodiss is believed to be due to primary, secondary,
and tertiary controls.

The primary control was the presence of limestone beds within the radius
of migration of solutions tr?m a cooling granodiorite mass, Had either of
these prerequisites besn kacing, no scheelits ore bodies would have been
form.d.

The sacondary control was tha presence of channelways along which
tungsten=bearingz solutions could migrate from their orizin within the cooling
igneous body to a placs vwhere temperature, pressure, and chemical conditions per-

mitted deposition. The distribution of the ore bodies suggests that the contact.
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of limastone with a granodiorite =stock had littls {nfluonce In altsring
ths limeatone and depositin: scheelite,. “ath:r, achesslits«bearing sclutiosne
ware {unnelsd slong ;nrmﬂabli chamnslways from s deeper zource t0 3 [TAVOre
able loeus »f dasposition, (4e marving, srsesranoiisvite “snlt sones,

and sthar -ones vherse cotavoryiise oF 4 3 hornfalas has basen intanse —ay
have erved as chaanaliyz, All amounts of ~craelita -are ‘epanited in
thaze chanrolwajs,

“{tar tha solutioms _anetrated lisestorny »ads in rgstiong of favorable
temperature and srassure gonditions, Cactors of tartiary importance .con-
trxollad the localizatisn of achselite deposition. - srmaability of the
limestone is dalieved Yo hava basn mont lmzortaat, ala ively izper-eable
norniels walls zonfined the 7low of asolutiocna to the limsztons bada,
izparmeable zones la tha llmastons were not renlaced, - arlation of chesdcal
vosmpoaition and chysloesl cnaracteristiss of tha ligaatone Hede zay 2130

hava axarted a coadral,

nagind’

3% raoater asAh

~gveral lines of cvidenss indieats *hat oreset mining spemitisns are

nz:r the bottom of the mmboldt ara miy, hs fank ors o'y terzinates
againet granite at the nort’ end, "t qay sontinue to a sreatsr Jdepth
farther south, The Jorth utton ore "oy has My heen wined ta a

dacth of 200 fant}) (L agems likaly that 1t =ay continue to a lenth aotm
parable with the 'umboldt or -tank, or 1,0 Fast to 1,500 fast, “he
Caerge, wraitelilyrne, and oth-p bode that have not Seen sxtasively
daveloped -ay gontain substantial tornsges of ore helow the srasent

lower limit oF sxplaration,
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Seserve

Encugh ore is zwasured and indicated with reasonable certainty teo assure
e oontimued mill supply, ejual t¢ the present rate ( April, 170 tons dailys
May, 135 tons daily)}, for about twe years. The present outleck is locmy bee
cause of inoreeased costs and & oritical shortage of labor, but future poseibilities
are promising. substantial reserves of 0.43=0.5% W0y ore are inferred in the
North Sutton mine. FMarthermore, worthwhile tommagse of ore =ay be devsloped
in the ipringer, Georgs, and Summit~0'Byrne beds. Ihe possibilities are
probably as great as they were a deoade ago, bubt exploration and development

work have been forsed to a mintmum by presemt conditions

Low=Grade Ore

Partly developed ore in the Humboldt-Jpringer and itank nines, estimated
to averags 0.25% W0z, can be nined only at & considerably higher price for
sohselite. Nost of ths low grade ore the distriet occurs as fringes bordering
oommardial ore bodies, or ma irregular bloocks within them. There is little
1ikelihood that axy large minable bodies of low-grade ore will be found in
the diatriot,

MINGS

All mines deoribed in this report are owned by the Nevads :assachusetts
Company, Inoe. Cther properties at the north end of the distriet and snother
at the southenst edge have been described alzewhere.

The amount of underground development and diamond drill hole exploration
in the distriot 4s shown in the table on page 17. Thare is sbout 11 1/2 miles
of drifte and crosscuts, 4,400 feet of shafts, and 3 niles of diamond drill

holds in the distrist. Cne-third of the level workings is crossouts.
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¥ine workings and diamond drill holes, in feet, in the Xill Tity dist ict.

do. rifts i~cuts Ho. Yax. Total orkdnzs ‘oles
Hing Inclind Inclin
: od
depth
Humboldte 16 21,555 10,545 32,100 2 1,740 2,015 34,115 3,370
Jpringer :
Humbold$ Tumnels & 765 60 1,405 O 0 0 1,405 o
Springer Tunnels 3 430 200 630 0 0 0 620 Q
Stank 13 9,955 6,140 16,095 § 1,228 1,625 17,720 2,355
Yorth Sutton 2 2,095 335 2,430 1 140 140 2,570 1,915
Jouth Sutton 3 2,010 KT  2,k38 ) 240 WO 2,725 0
Orphan 2 315 260 57% 0 0 0 575 0
dummit 2 65 600 665 o 0 o 665 120
O'Byras 2 165 35 200 1 60 60 260 0
Uncle Sam 2 185 255 o 0 0 0 L0 23%
Hest Beds 2 235 0 235 0O 0 0 235 1,965
Springer Guleh
Prospects 8 750a 200a 9508 4 75a 225a 1,175a 95
Florence Prospecte  __ 178 . Q _ 175 2 __ s _100s _ 2% __ O

Total 38,750 19,685 58,435 16 hohOS 62,240 16,515

"a®t approximate,

The Humboldt-3pringer mine, w»hich has produced about 50% of the ors mined
in this district, has been worked to a vertical depth of 1,330 feet, “he
mine 1s daveloped through a 2-compartment inclined shaft, an adit, ~-* *7 1 -als,
The shaft is now being deepsned, and another lavsl will be opened &f . vertiucl
depth of 1,420 feet bslow the collar (1,700 feet level). art of the older
workings are inacceasible,

The ore produced at the Humboldt mine has come from three parallal beds,
the Humboldt, the Springer, and the leorge. Originally the Husboldt and

Springer beds were dsveloped by separate workings., /fter ths Ysvada Massachusetts
Company acquired control, the workings were connected. Since that time all
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Humboldt ore body.~~The Humboldt bed has yielded about L5% of the ore
mined. in the distrioct, It can be traced for 1,750 feet on the surface, from
".the Qlsen stock at the north =nd to a cutoff of uncertain origin at the south,

(3ee P1, 11 and 111,) From the surface to the 725-foot level the bed

averages about 1,700 feet longj about 75% of this =one has been stoped, A
substantial tonnage of lowygrade ore remaina bstween the surface and the 200=
foot level, Below the 725-foot lavel the southern termination of the bed slopes
LOO north, and the granite contact at the north end slopes stsaply south,
Consequently, the bed is reduced from a length of 1,?50"fee£ on the 725«

foot level to a predicted 750 feet on the 1,700-foot level, and it may be
eliminated several hundred feet below the dsspest workings. (3ee “l. V)

The main ore shoot extends from the surface to midway betwseen the
1,450=foot and 1,575~-foot levels, and from the southern termination of the
bed to an irregular northern margin. In some places the northsrn margin
ext=nds to the granodiorite contact; in others it is several hundred feet
south of the contact, The ore body is ‘cut by several small dikes, and dis-
placed from a few feet to more than a hundred feet by pre- and post-
granodiorite faulta. 4 fow small shoots of ore lie batween the main shoot
and the granodiorite. Width of ore varies from 4 [set to 12 fset, averaging
6 fest, Grade of ore from individual stopes has varied from 0,25% to 10% %03,
averaging 0,75%. In the lower part of the mine the transition from ore teo
slightly altered, very low-grade limestone and marbls is rapid. Small
irregular lenses of marble and low-grade tactite occour here and there in

the main ore shoot,
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No large axtension of the main ore shoot is expected below the present
bottom of the mine. 1 short “root” may continue for a few hundred fzet,
but it probably does not contaln mere than 10,000 tons of ore. Judzing
from the ore oxposed on tha 1,500-foot level, ths grade of part of the
ore in this "root™ may be subcormercial,

Iinconclusive evidence suggests that a preegrancdiorits ncrmal fault
has displaced the southern 2nd of the Humboldt bed,  considerabla amount
of crosscutting and diasmond drilling has laready been dons in an attempt
v to find the anticipated segment. The exploratory program will bs cone
tinued by crosscuttin: and drilling from the 1,700-foot level, The writer
1s inclined to belisve that lack of sedimentation may account for the
southern termination of the bed, and that continued exploration will not be
fruitful.

Springer ore body.--~The Springer bed lies betwsen 200 feet and 250
feet west of the Humboldt bed, It can be traced, with some displacements,
from a fault in Joringer ylch to the horth face of the Humboldt train
tunnel, a distance of 1,400 fest. (Gee P1, Vi and 7II,) 4 wide, almost
barren, garnet bed is exposed in ths saddle west of 3ta, G on Humboldt Fill,
This may be a segment of ipringer bed north of tha low-angle pre-granodiorite
reverse fault, The Tellow scheelite bed in the Stank mine may be a cone
tinuation of the Zpringsr bed.

The Springer ore body is oval in shapss It has been mined to a vertical
depth of 980 feet, and for a maxiwum langth of 725 feet., The bed is now
being developed on the 1,100=foot level, 100 feet vertically below the
despeat stopes, iverage width of the bed lg 3 feet; average grade has
baen about 0,75% “014, The northern half of the ore shoot on the 725-foot,
850 foot, and 975~foot lavels has been low=-grade; the block bdetysen the
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850-foot and §75=foot levels, estimated to average 0,25% 103, was not mined,
If the northern part of the shoot on the 1,100-foot leval is low-grade, only
5,000 to 7,000 tons of ore will have been developed by a &00=foot long cross-
eut, Jeveral small wedges of a few hundred to a few thousand tons of ore
also remain in the upper levels, To reack the projected position of the ore
body on the 1,200~foot lavel, a 700-foot creosscut must be driven.

~here the bed has been exposed north of the ore shoot by drifting or
diamond drilling, it has gaen narrow, faulted into small segments, and of
only fair grade. 4 bed that may be the Springer is exposed at the surface

south of the poste-grancdiorite Springer fault, A continuation of the 3pringer

ore shoot may lie in this structurally complicated area.

Because the tonnage of ore produced per man is small, and because cone
siderable work must be done to develop more ore, it seems most practical to
terporarily discontinue mining in the Springer bed, after the ore now in
sight has been stoped,

ueorge bed,~-The George bed lies between 200 fest and 300 feet west of
the Springer. It crops out intermittently between the (Olsen stock and the
Stank fault, a distance of almost a mile. It varies from 3 f.oat to 30 feet
in width. The mineralization of the George bed is very spotty. lones of
good ore alternate with zones that are almost entirely barren marble or
limestone. A few small stopss of good ore were mined on the 500=foot and
800=foot levels.

A subelevel, 50 feet above the collar of the Humboldt shaft, 1s deing
driven along a strike fault that has displaced the George bed, The gap between
the two segments of the bed is almost horiszontal; and several hundred feet of

drifting were required to intersect the bed above the fault,
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If an ore shoot is partly outlined on the subelevel, it would probably
be worthwhile to crosscut and explors the bed on the 300-foot level. A
shoot of ore might also be found by continuing the 4L0O-foot level southward under

sood surface ore on the south side of Springer Cylch.
Stank Mine

The >tank mine has been worked to a vertical depth of 1,100 feet, The
mine is developed by an inclined shaft to the 700-foot lavel, and by a winze
(sub=shaft) from the 700-foot to tha 1,200=foot levela, The original or No, 1
shaft was sunk to the 20C-foot level, It has been abandoned. The Yellow
Scheelite and Yeyes shafts, also abandoned, are about 100 feet deep, The
north ends of all levsls but the 200~foot are inaccesaible.

/ 3%ank ore body.eeMors than 95% of the ore produced at the 3tank mine
has come from the Jtank hed, The bed can be t raced intermittently on the
aurfac; from the “pringer stock at the north end to the Codd adit at the
south, (Ses 71, Viii.) No outorops or float have been found south of the
Codd adit, but the bed is in the face of three lsvels that have been driven
farther south, (See 71, IX and ¥I.) o

The bed variss in width from 3 feet to 74 feet, averaging L% feat,

Grade of ore aver:ges “stween 0,75% and 1.0% 2503. Altesration to tactite and
mineralization with scheelite has been less complete than in the Humbolds

and Springer ore bodies., Large blocks of unaltered or very low-grade
limestone and marble occur within the limits of the ore body. In the list
below the first number of each group of thres is the level number; the second
is the relative lensth of drift on the level, the longest level, the 300-foot,
taken as wunity; the third is the percemntage of bed on the level that has
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been minable ore: 100, .45, 34ij 200, .49, 70%; 300, 1.0, 48%; LOO, .99,
69%3 500, .73, 93%; 600, .82, 6T%y 700, .72, 30%; @50, .20, 100%; 1,000, .70,
79%; 1,100, 40, 3073 1,200, .41, &7, The 200-foot and 900=-foot levels are
inaccessible.

The ore body terminates at the north snd against granodiorite, Diamond
drill holes indicate that this ysranodiorits is a tongue from the Souringer
stocks The attitude of this tongue so nsarly parallels the bed that there is
little likelihood of finding a worthwhile segment of the bad between the
northern margin of the ore body and the stock. The southern limit of the
body has not yst been determined, It is oredicted that near the surface the
ore shoot may be terminated by the oStank fault, but that at greater depth the
shoot will terminats dus to lack of mineralization before ths bed is out
off by the fault. There is little information from which to predict how far
south beyond prasent faces tha ore body may continue., In general, the ratio
of waste to ore has increased toward the south end of ths mine, but come
mercial ore zones are expected to continus for at least a few hundred feet
south of present workinga.

The utank ore body is cut by two prominent granodiax"it;e dikes, the
Stank and the Codd, and a gently dipping nornblende andesite dike, Fre-
and postegranodiorite faults displace the bad, 3otween the surface and
the 850«foot level the bed is separated inte two segments by & prew
granodiorite fault. “rom the surface to the 500=foot level the displace=
ment is uniformj between the 500-foot and the 850-foot, and particularly
on the 700=foot level, post-granodiorite strike faults and the 3tank dike cut
the pre-granodiorite fault zone into segments, cowmplicating the structure
and increasing the difficulty of mining. (3ee P1l, I and XII.) A cross-

cut is now being drivea between the two main segments on the 850-foot
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level, vork on ths 1,000-foot, 1,100 foot, and 1,200=foot l-=vels has
been confined to the hanging wall segment of the bed,

It 1s predicted that betwsen tha 4OO-foot and 700-foot lovels
the Stank ore body continues for 200 feet south of the Codd dike. (Jee
?le 14}

Yollow Scheelite bed.e='he Yellow Jchealite bed 1izs 175 feet west
of tha otank bed and 350 feet east of 3 bed beliesved to be the Gaqrge‘
This sequence is simllar to the Humboldit—Springer~(George saguencs gofth
of the Springer stock and the structurally complex Joringer Culch area.
The writer believes that the Yellow Scheelite bad is a lenticular cone
tinuation of the 3Springer,

The bed has only been found between tha ipringer stock and the pree
granodiérita fault at the north end of the stank mine, and between the
surface and the 200-foot l:vel., idth averages 2-24 feet, and grade is
between 0v5 and 0.75% “03. The bed has not been found in diamond drill
cores at grsater depth or farther north in the mine. It seems probeble that
the bed is lenticular, and should not be conaidered as a potential source
of ore. )

Keys " "wwIn the early days of ths :district a morticlan obtained
a2 lease and sunk a shaft on a narrow, poorly mineralized lens of pale
silicate rock, probably an altered calcareous shale bed, !No ore from this

bed has ever beem milled, and it contains no reserve.

Jorth sutton (Sutton No, 2) Mine

The Horth Sutton mine is developed by a 1,200-fcot adit and an 150=

foot inclined shaft. -evelopment has been confined to the st Sutton bed,
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one of two parallel limestone beds that normally lie about 4O feet apart,

A few surface pits indicate that the Zast Sutton bed doces not contain an
ore shoot in this vicinity, Failure to interssct the “ast Sutton bed in
diamond drill holes and in a crosseut suggests that it is either lenticular
or considerably faulted.

+est bed can be traced from a salient of the upringer stock to a »nre-
granodiorite fault north of tbe Baker adit. {See ‘1, 1.) There are no
axposures of the bed between the Baker and Uncle Jam areas, Ore float is
found along the projected position of the bed in a raentrant in ths stock
a few hundred feet north of the mine.

The Jest bed is variable in width and g¢rade. ‘idth varies ‘rom 3 Teet
to 15 feet, avaragin. 7 feet or 8 feet, Ure mined to date has averaged
0.528 %63. ¥ost of tha bed in this vicinity has been altered to silicate
minerals, but the distribution of scheelite is irregular, uch of the
scheslite occurs as films along Joints and irrezular fractures in the silicate
rock, .

The ores body is cut by narrow dikes and a {sw faults of small displacee
ment, The most important structural fazture from the staﬁdéoint of minin-
is the occurrence of hornfels "horses," both small and large, *"ithin the
ors bed, The writer bellizves these are lenses of shale that were deposited
here and there in the limestone bed, A few may have been faulted in by
movement alonz slips that cut the bed at a very acute ansle to both striks
and dip.

The working adit is a drift along the bed between the cranodiorite
salient and the pree-granodiorite fault, 111 ors betwean the adit level and

the surface has been stoped, except a few t-ousand tons near the surface 3t

the nort: end. Cn the 125-foot lavel about two=thirds of the predictad
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length of the ore body, 300 feet, has been drifted, and two stopes have been
completed, (Jee P1, iV1,) At the present rate of operations all ore above
this lavel will bs broken within a year. To assure contimuous production
from ths mine it is imperative that the shaft be sunk several hundred fest,
and one or more lsvels bs opened as qulckly as possible. This is tha least
disturbed ore body in the distriqt, and to continue sinking the shaft in

ors iﬁvolvea almest no risk,

The sé'nt,h Sutton mine, now inactive, is developed by an adit 950 feet
long and an inclined shaft 215 feet deep. The upper part of a small ore shoot
has been mined from cach bed., (See ’1, X1V.) Grade of ore averaged 0.5%
‘5503-

Both beds can be traced by intermittent outcrops for 1,200 feet south
of the ore vodies, but only a few small mineralized lenses occur. (See
Pl. X111.) BSoth beds have been drifted on the adit level for 450 feet
north of the ore shoots. OUne short, narrow lens of ore was found om the
Zast bed; the !‘est bad was barren. i

I¢ is liksly that both ore shoots continue below the 200 foot lsvel,
but under pressnt conditions it is impractical to develop: tham. The
grade of ore is probably about the sams as in the north Sutton mine, but the

amount of ore per vertical foot is nuch less. ilso, the Syuth Sutton ore -

bodies are eonsiderably faulted and more costly to mine.
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Orphan (North Sutton No, 1) ‘orkings

The Orphan workin s explore faulted segments of the Sutton beds
between the South Sutton mine and the Springer stock., (See P1. X11l.)
about 10,000 tons of 0.75% "0 ore have been mined from short adits and
glory holes,

There is little likelihood that any substantial tonnage of ore
could be mined from underground workings in this structurally complex
ared, It is possible, however, that some low-grade ore could be
produced by surface stripping in the area where the beds have been
duplicated and trickened oy faulting,

Intrusion of the Springer stock is believed to be rssponsible for
the structural complexity of this area.

The Uncle Sam mine is in a faulted segment of the Sutton beds south
of the Olsen stock, (See P1, 1.) Development consists of a 200=foot
crosscut, and a 165-foot drift in the est Sutton bed, A raise follows
; ore from the drift to the surface, where a few hundred tons of ore have
been zlory holed. U, 3. Bureau of »ines sampling indicates a grade of 0.5%
5030
3 Scheelite ore float can be traced for several hundred feet north and
south of the Upele Sam mine, It seems likely that other ore shoots, or
faulted segments of this partly developed shoot, may be found in the area
(between the road and the Olsen stock, Pl. 1), The “ast Jutton bed contains
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no scheelite at the surface, in the crosscut, or in the drill core,

The Uncle Sam area is considered to be a zood prospect for 0.5% ors.
The surface should be trenched to indicate the continuity of the ore zone,
If trenching discloses ore beyond the limits of present exploration, the
drift should be continued, 4 100=foot shaft is almost certain to devslop

2,000 tons of ore, and it may develop several times this amount.

401! e Sed

(92}

The writer considers the Summit«0!'Byrme bed to be the best slightly
developed prospect on thé property. This bed lies west of the itank fault
and dips cast. It is expected to terminate at the fault along a line that
inclines gently south. At the Summit mine the cutoff is near the surface, y
but at the O'Byrme shaft it is expected to be 450 feet below the surface,
(3ee P1. %,)

On the north side of Stank Hill the bed has been developed by an adit,
(368 P1, V111,) & smﬁll shoot of 1%. %03 ore was mined from between the
adit and the surface, 7This shoot terminated against hornfels along a line
that sloped gently north. The termination 1s beliaved to be at a pre-
granodiorite reverse fault similar to the one in the north end of the Humboldt
mine, If this interpretation is correct, a continuation of the ore shoot may -
1ie betweem this fault and the Stank fault, -

The Suumit bed can be traced on the surface for 40O feet beyond the \\
stoped area. Of this length 250 feet is zood ore and 150 feet is unaltered
luestane. A U, S. Bureau of Mines drill hole intersected almost barren tactite '

100 fost beneath the limestone outcrope. ;
QEOLOGICA. T
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The 0'Byrne bed on the south side of the hill is bslieved to be a
continuation of the Summit bed. No bed is exposed for 400 feet along the
srojected strike near the crest of the hill, \ ;ranodiorite dike, 1235
feet wide, passes through part of this gap. South of this dike the O'Byrne
bed can be traced with almost continuous exposure to the bottom of Stank
{anyon, a distance of 300 feet, Jix hundred feet of this lengti't is
mineralized with scheelite, “he O'Byrne adit and shaft follow a 2i-foot
ore zone estimated to average 0.75% 03,

This ore zone, exposed intermi t.ently for a length of 1,500 feet
and through a vertical range of 200 feet, 18 not likely to terminate
Just below the surface,. It is more probable that a continuous ore body
1lies between the surface and the Stank fault. “ithin the ore body zones
of good ore are expected to alternate with zones of unaltered or very
low=grade limsstone,

The Summit~0'Byrne area is very accessible, A narrow gauge spur
connects the lower Summit adit with the Stank tram line, and a horizontal
grade could be maintained in extending ths Stank road to the C'Bymmse
shaft, [{ather than sinking a shaft in ore, as the procédu}c in the past
has been, 1t might be wise to develops this ors body by drifting south
along the George (?) bed from the bottom of Pick Handle Gulch, periodieally
crosscutting or drilling west through the Stank fault until the Sumite
O'Byrne bed is intersected, then drifting along this bed, This drift
could then be used as & haulage level near the predicted bottom of the
Susmit-0'3yrne ore body, and at the same time some ore might be developed
along the Ceorge (?) bed,
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Prospects in the “est Beds

Jeveral limestone beds west of the Summit-O'Byrne are collectively
referred to as the West beds, The eastermost bed of this group has beem
prospected by two short.adits on the north slope of Stank idge, Hers
the ore zone is only from 1 foot to 2 feet wide, but it averages between
~ 0.5% and 0,75% 05, It is probable that this shoot may contain a few
thousand tons of minable ore.

This bed cannot be traced southward across the ridge, but a wider
bed, ocoupying about the same stratigraphic position, has been prospected
on the south slope. -everal feet of 0,5%-1,0% 03 ore are exposed in two
cuts, Another small shoot containing a few thousand tons of ore may |
occur hare, .

’mall lenses of scheelite-bearing tactite have been prospected in
other limestone beds of this group, None of these showings encourages
further prospecting. Three U, 5, Bureau of Minea drill holes intersectad
’these beds at depths as great as 550 ‘feet below the outcrop; all intere
sections were barren, unaltered limestone. )

It is the writer's belief that the 'iest beds (except for the easterne

most one) were too far from the source of the mineralizing solutions to

may occur in these beds at greater depth, but the cost of comprehensive
exploration, which would be almost blind, would be prohibitive. The
probability that the scheelite-bearing solutions migrated from a center
or centers, and not from all granodiorite contacts, further decreases
the probability that commercial ore bodies occur in the est beds within

reasonable prospecting distance of the surface.
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Joringder Gulch Area

The Springer Gulch area is a structurally complex sedimentary
wedge lying betwaeen the Springer stock, the inringer fault, and the
projected position of the Stank fault, or a parallel fault. 4is a
promising prospect it is second only to the Surmit-0'Byrne area.

A bed believed to be the Ceorge has been prospected in several
places, Faulted shoots of zood ore are partly developed in two adits
and two shallow shafts. A faulted shoot of ore in a bed farther west
has alse heen prospected by a short drift, These segments contain 3 teo
5 feet widths of 0,75%=1.0% 03 ore alternating with zones of marble
or limestone, and resembls the Geoorge bed where it is less disturbed.

It seems worthwhils to prospect this area from the north and of the
Humboldt-ipringer mine, The George south drift on the 400=-foot level
could be driven beneath the best surfacse ore with only & few hundred
feet of drifting,

florence irea

Two groups of seven or eizht limeatone beds each are exposed north
of the Olsen stock. (Sse ?1l, 1.) They may be the same beds on opposite
limbs of an isoclinal fold overturned toward the west. Thers is one
cogent argument againast this interpretation of the structure of this
areat The beds in the east group vary from 3 feet to 10 feet in width,
those in the west group from 6 feet to 30 fest, The dip of the sast

group is steeper than the dip of the west zgroup.
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Small lenses of tactite ore have been prospected in both groupe of
limestone, Yone of the prospects has expossed a worthwhile tommage of
ore of commercial grade. v-mall pockets of 1%2% .03 ore have been taken
from a 50-foot inclined shaft and two short adits in the east group. In
each, the ore lens is surrounded by barren limestone, Two adits prospect
the only promising showings in the west group of beds. 3oth adits follow
a 3=« to 5-foot band of tactite in a much wider limestone bed., Iost of
the tactite is very low grade, but small pockets of -ood ore cccur in it,

Commercial bodies of ore may occur at greater depth in this area.
The west group 1is considered to be the most promlsing, for-it is truncated
by the Olsen stock, just as the Humboldt, Springer, and Ceorge beds ara.
Furthermore, the beds, thouzh poorly exposed, seem to be rslatively un-
disturbed, The east group does not contact the granodiorite at the sure
face, but some of the beds may at a depth of only a few hundred feet,
These beds are cut by a number of faults of small displacementj 3 batter
grade of ore might be expected if somg of these are pre-sranodiorite
in age, and also because the beds are narrower than those of the west

Zroups

i1 Hast) Bed

The ¥41l beds are two parallel limestone bands, each from 10 feet
to 30 feet wide, separated by a 10= to 20=foot layer of hornfels. They
crop out almost continuously for a mile south of the levada Massachusetts
Company mill. (3ee Pl, 1.) In this area they are unaltered, barren
blue limestone. Jouth of a 1,000-foot concealad interval they azain

crop out on the Torge property, and hare, in the vicinity of a small
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gronodiorite maes, they sontain lenses of scheelite ore.

A bed of almost barren tactits, believed to bs one of the 14111 beds,
1s exposed in trenohee near the upper limit of the fan, These exposures
are 3,000 feot north of the last cutorops of the lill beds approximately
along the projsoted strike, and 2,200 fest emat of the border of the
Springer stocke U. 8. Buresu of Mines assays of samples cut in these
trenchee showed only a trece of echeelite. Lxsmination under ultraviclet
light substantiates this finding,

The bed exposed in the trenches dips 2%3° to 30° west, and it is
possible that scheelite minsralization may ccour n;arer tgo granodiorite
at not too great depth. As & blind prospect, ihia ares is belisved to be
more favorsble than the Weet beds area. The Hill beds are known to be
mineralized with scheslite on the Forge property, and it is possible !
that the almost barren taotite mentioned above may be the fringe of an
ere body neerer the Springer stook. An sxploratory program would involve
surface trenching or bulldozing to disclose the continully and attitude
of the bed{or beds) followed by drilling to the projected positiom of the

bed (or beds) nearer to the grancdiorite.
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